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7KH TXDVLVSHFLHV QDWXUH RI WKUHH DQLPDO SDWKRJHQLF 51$ YLUXVHV RI ILHOG
RULJLQ ZDV H[DPLQHG E\ WHVWLQJ YDULDQWV RI FODVVLFDO VZLQH IHYHU YLUXV &6)9
RULJLQDWLQJ IURP JHRJUDSKLFDOO\ GLIIHUHQW DUHDV IHOLQH FRURQDYLUXV )&R9 GH
WHFWHG IURP WKH VDPH DQLPDO E\ VXFFHVVLYH VDPSOLQJ DQG UDEELW KDHPRUUKDJLF GLV
HDVH YLUXV 5+'9 RULJLQDWLQJ IURP VXFFHVVLYH RXWEUHDNV LQ WKH VDPH JHRJUDSKLF
DUHD &OLQLFDO VDPSOHV ZHUH LQYHVWLJDWHG XVLQJ UHYHUVH WUDQVFULSWDVH SRO\PHUDVH
FKDLQ UHDFWLRQ 573&5 DQG HQVXLQJ VLQJOH VWUDQG FRQIRUPDWLRQDO SRO\PRUSKLVP
66&3 DVVD\ %\ WKH FRPELQDWLRQ RI WKHVH PHWKRGV HYHQ VXEWOH GLIIHUHQFHV FRXOG
EH GHWHFWHG DPRQJ WKH DPSOLILHG IUDJPHQWV RI WKH VDPH YLUXV VSHFLHV RI GLIIHUHQW
RULJLQ )&R9 SURYHG WR FRPSULVH WKH PRVW DQG &6)9 WKH OHVV KHWHURJHQHRXV YLUXV
TXDVLVSHFLHV 7KH UHVXOWV VKRZ WKDW WKH FRPELQDWLRQ RI 573&5 DQG 66&3 SUR
YLGHV QRYHO DQG KLJKO\ VHQVLWLYH PHDQV IRU WKH FKDUDFWHULVDWLRQ RI 51$ YLUXVHV
ZLWK VSHFLDO UHJDUG WR JHQRPH FRPSRVLWLRQ HYROXWLRQ IHDWXUHV RI SDWKRJHQLFLW\
DQG PROHFXODU HSL]RRWLRORJ\
.H\ ZRUGV &6)9 )&R9 5+'9 573&5 66&3 TXDVLVSHFLHV
7KH IRUPDWLRQ RI µTXDVLVSHFLHV¶ SRSXODWLRQ GXULQJ UHSOLFDWLRQ KDV EHHQ
REVHUYHG IRU VHYHUDO 51$ YLUXVHV +ROODQG HW DO  6WXGGHUW  *XQQ
0RRUH HW DO  5DGIRUG HW DO  7KH WHUP UHIHUV WR GLYHUVH UDSLGO\
HYROYLQJ DQG FRPSHWLQJ SRSXODWLRQV RI WKH 51$ JHQRPH 7KH VHTXHQFH RI WKH
PRVW ILWWLQJ JHQRPH ZKLFK JLYHV WKH YDVW PDMRULW\ RI WKH UHSOLFDWLQJ YDULDQWV LV
WHUPHG µPDVWHU VHTXHQFH¶ ZKLOH WKH FRPSHWLQJ YLUXV YDULDQWV DUH QDPHG WKH
µPXWDQW VSHFWUXP¶ 7KH LPSRUWDQFH RI WKH TXDVLVSHFLHV QDWXUH RI 51$ YLUXVHV
OLHV LQ WKHLU DELOLW\ WR HYROYH UDSLGO\ GXH WR WKH H[WUHPHO\ KLJK PXWDWLRQ IUHTXHQ
FLHV SHU VLWH LQ WKHLU JHQRPHV +ROODQG HW DO  7KH FRQFHSW RI WKLV SKH
QRPHQRQ LV QRW QHZ EHFDXVH YHU\ KLJK PXWDWLRQ IUHTXHQFLHV IRU SKHQRW\SHV
VXFK DV WHPSHUDWXUH VHQVLWLYLW\ SDWKRJHQLFLW\ RU SODTXH VL]H PXWDQWV ZHUH DO
UHDG\ UHSRUWHG GHFDGHV DJR *UDQRII  (JJHUV DQG 7DPP  +RZHYHU
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  
 .,66 HW DO
$FWD 9HWHULQDULD +XQJDULFD  
WKH QHZO\ GHYHORSHG WHFKQLTXHV SURYLGH QRYHO DQG HIIHFWLYH PHDQV WR VWXG\ WKH
TXDVLVSHFLHV SRSXODWLRQV 7KH UHFHQW VWXGLHV UHYHDOHG WKDW D JLYHQ TXDVLVSHFLHV
YDULDQW JUDGXDOO\ FKDQJHV HYHQ LQ D FRQVWDQW HQYLURQPHQW ZLWK WLPH EXW WKH IDVW
HVW ZD\V IRU WKHVH HYHQWV DUH DVVRFLDWHG ZLWK WKH FKDQJHV RI WKH HQYLURQPHQW
LH GXULQJ GHYHORSPHQW RI LPPXQH UHVSRQVHV FKDQJHV RI KRVW VSHFLHV WDUJHWLQJ
D QHZ FHOO W\SH E\ WKH YLUXV ZLWKLQ D VLQJOH KRVW LQWHUIHUHQFH E\ GHIHFWLYH YL
UXVHV LQIODPPDWRU\ UHVSRQVHV HWF .XURVDNL HW DO  &RQVHTXHQFHV RI
FKDQJHV RI 51$ YLUXV TXDVLVSHFLHV SRSXODWLRQV FRPSULVH UDSLG DQWLJHQLF FKDQJH
DQG LPPXQH V\VWHP HYDVLRQ DV ZHOO DV UDSLG GHYHORSPHQW RI HIIHFWLYH UHVLVWDQFH
WR DQWLYLUDO GUXJV +ROODQG HW DO  6XFK GLYHUVLW\ DOVR IDFLOLWDWHV WKH HVWDE
OLVKPHQW DQG SURJUHVVLRQ RI FKURQLF LQIHFWLRQV $ KHWHURJHQHRXV VZDUP RI 51$
JHQRPHV LQ WKH LQIHFWHG WLVVXHV WKHQ UHQGHUV LW LPSRVVLEOH WR DVVLJQ VSHFLILF
SDWKRORJLFDO VLJQLILFDQFH WR DQ\ FRQVHQVXV VHTXHQFH UHFRYHUHG IURP WKH GLV
HDVHG WLVVXH KHQFH PDNLQJ LW GLIILFXOW WR IXOO\ H[SORUH WKH SDWKRJHQHVLV RI LQIHF
WLRQV +ROODQG HW DO 
'HVSLWH WKH JHQHUDO NQRZOHGJH WKDW 51$ YLUXVHV DUH TXLWH PXWDEOH DQG
DGDSWDEOH WKHLU H[WUHPH PXWDWLRQ IUHTXHQFLHV KDYH EHHQ GRFXPHQWHG RQO\ UHFHQWO\
ZLWK WKH DGYHQW RI UDSLG WHFKQLTXHV IRU JHQRPH PDSSLQJ +ROODQG HW DO 
7KH PRVW ZLGHO\ DSSOLHG PHWKRG H[SORLWV WKH SRZHU RI WKH 3&5 WKDW FDQ GHWHFW DQG
DPSOLI\ WKH WDUJHWHG JHQRPH UHJLRQ HYHQ IURP D WUDFH DPRXQW RI WKH H[DPLQHG
SDWKRJHQ 7KH JHQHUDWHG 3&5 SURGXFWV DUH WKHQ LQYHVWLJDWHG IXUWKHU LQ WKH KLJK
UHVROXWLRQ VLQJOH VWUDQG FRQIRUPDWLRQDO SRO\PRUSKLVP 66&3 DVVD\ .XURVDNL HW
DO  ,Q WKH 66&3 DVVD\ WKH VLQJOH VWUDQGHG 3&5 SURGXFWV JHQHUDWHG LQ
DV\PPHWULF 3&5 DUH ORDGHG RQWR FRQFHQWUDWHG QRQGHQDWXULQJ SRO\DFU\ODPLGH
JHOV ZKHUH WKH IUDJPHQWV UXQ LQ VHFRQGDU\ FRQIRUPDWLRQ GHWHUPLQHG E\ WKHLU QX
FOHRWLGH VHTXHQFHV 7KH UHVROXWLRQ RI WKH WHFKQLTXH FDQ EH DV KLJK DV  DELOLW\
WR GHWHFW D VLQJOH QXFOHRWLGH FKDQJH ZKHQ UXQQLQJ IUDJPHQWV VKRUWHU WKDQ  QX
FOHRWLGHV +D\DVKL  :LWK WKH LQFUHDVH RI WKH OHQJWK RI WKH IUDJPHQWV WKH
UHVROXWLRQ JUDGXDOO\ GHFUHDVHV 'HSHQGLQJ RQ WKH VHQVLWLYLW\ RI WKH GHWHFWLRQ
VWDLQLQJ PHWKRG WKH QXPEHU RI WKH UHYHDOHG VXESRSXODWLRQV ZLOO GLIIHU 7KHUH DUH
YDULRXV PHWKRGV WR LQFUHDVH WKH VHQVLWLYLW\ RU WR REWDLQ PRUH LQIRUPDWLRQ DERXW WKH
VXESRSXODWLRQV )RU H[DPSOH WKH VHOHFWHG VXESRSXODWLRQV FDQ EH UHDPSOLILHG DQG
VHTXHQFHG WR JDLQ WKH XOWLPDWH LQIRUPDWLRQ DERXW WKHLU QXFOHRWLGH FRPSRVLWLRQ
/i]DUR DQG (VWLYLOO  0DUWHOO HW DO 
,Q WKLV UHSRUW ZH GHPRQVWUDWH WKDW WKH FRPSRVLWLRQ RI WKH TXDVLVSHFLHV RI
WKH VDPH YLUXV VSHFLHV YDULHV ZKHQ FRPSDULQJ VWUDLQV WKDW GLIIHU HLWKHU LQ JHR
JUDSKLF RULJLQ RU LQ WLPH DQG DGGLWLRQDOO\ ZKLFK RFFXU LQ WKH VDPH DQLPDO GXU
LQJ FKURQLF LQIHFWLRQ 7KH VHOHFWHG DJHQWV DUH FODVVLFDO VZLQH IHYHU YLUXV &6)9
UHSUHVHQWLQJ WKH )ODYLYLULGDH IDPLO\ UDEELW KDHPRUUKDJLF GLVHDVH YLUXV 5+'9
D PHPEHU RI WKH &DOLFLYLULGDH IDPLO\ DQG IHOLQH FRURQDYLUXV )&R9 IURP WKH
&RURQDYLULGDH IDPLO\
48$6,63(&,(6 &20326,7,21 2) 51$ 9,586(6 
$FWD 9HWHULQDULD +XQJDULFD  
0DWHULDOV DQG PHWKRGV
9LUXVHV
7KH H[DPLQHG YLUXVHV FRPSULVHG ILHOG LVRODWHV FROOHFWHG DW WKH 9HWHULQDU\
,QVWLWXWH 'HEUHFHQ +XQJDU\ &6)9 ZDV REWDLQHG IURP DUFKLYH VSOHHQ VDPSOHV
RI QHFURSVLHG DQLPDOV DIIHFWHG E\ WKH GLVHDVH .LVV HW DO D 7KH VDPSOHV
RULJLQDWHG IURP VL[ GLIIHUHQW DUHDV RI +XQJDU\ IURP RXWEUHDNV GXULQJ WKH ODWH
V )&R9 RULJLQDWHG IURP WKH UHFWDO VZDE RI D FOLQLFDOO\ KHDOWK\ YLUXV
FDUULHU FDW ZKLFK ZDV PRQLWRUHG RQ HLJKW RFFDVLRQV ZLWK WHQGD\ LQWHUYDOV
5+'9 ZDV REWDLQHG IURP WKH OLYHUV RI DQLPDOV VXFFXPEHG WR WKH GLVHDVH 7KH
VDPSOHV UHSUHVHQWHG RXWEUHDNV WKDW WRRN SODFH LQ IRXU GLIIHUHQW \HDUV LQ WKH VDPH
JHRJUDSKLF UHJLRQ RI +XQJDU\
6DPSOH SUHSDUDWLRQ DQG 51$ H[WUDFWLRQ
,Q WKH FDVH RI &6)9 WLVVXH VDPSOHV RI WKH VSOHHQ ZHUH WUHDWHG DV GHVFULEHG
HOVHZKHUH .LVV HW DO D 7KH 5+'9LQIHFWHG VDPSOHV ZHUH KRPRJHQLVHG LQ
VWHULOH GLVWLOOHG ZDWHU  ZY ZKLOH WKH )&R9 VZDEV ZHUH YRUWH[HG LQ  PO
RI ELGLVWLOOHG ZDWHU WKHQ WKH VSHFLPHQV ZHUH FHQWULIXJHG DW  î J IRU  PLQ
WR SHOOHW WKH LQVROXEOH FRPSRQHQWV 7KH VXSHUQDWDQWV ZHUH VWRUHG DW ± & RU
XVHG LPPHGLDWHO\ GHSHQGLQJ RQ WKH DFWXDO QXPEHU RI VDPSOHV
7KH 51$ SUHSDUDWLRQ ZDV FDUULHG RXW DIWHU %RRP HW DO  DQG &KH
XQJ HW DO  DQG ZDV DV IROORZV  O RI WKH VXVSHQVLRQV ZDV DGGHG WR
 O RI VL]HIUDFWLRQDWHG VLOLFD LQ  O RI O\VLV EXIIHU  J JXDQLGLQH WKLRF\
DQDWH GLVVROYHG LQ  PO RI  0 7ULV+&O >S+ @  PO RI  0 ('7$
>S+ @ DQG  J RI 7ULWRQ ; 7KH VDPSOHV ZHUH YRUWH[HG DQG OHIW IRU
 PLQ DW URRP WHPSHUDWXUH 7KH VXSHUQDWDQW ZDV UHPRYHG DIWHU D TXLFN VSLQ
 î J IRU  PLQ DQG WKH VLOLFD51$ SHOOHW ZDV ZDVKHG WZLFH ZLWK  O
RI ZDVKLQJ EXIIHU  J RI JXDQLGLQH WKLRF\DQDWH GLVVROYHG LQ  PO RI  0
7ULV+&O >S+ @ DQG WZLFH ZLWK  PO RI  YY HWKDQRO $IWHU D ILQDO ZDVK
ZLWK  PO RI DFHWRQH WKH SHOOHW ZDV GULHG DW  & IRU  PLQ 7KH 51$ ZDV
HOXWHG E\ UHVXVSHQGLQJ WKH SHOOHW LQ  O RI GLHWK\O S\URFDUERQDWH '(3&
WUHDWHG ZDWHU DW  & IRU  PLQ 7KH VXSHUQDWDQW UHFRYHUHG DIWHU SHOOHWLQJ WKH
VLOLFD SDUWLFOHV  î J IRU  PLQ FRQWDLQHG WKH 51$ DQG ZDV XVHG IRU UH
YHUVH WUDQVFULSWLRQ
6\QWKHVLV RI F'1$
&6)9 F'1$ ZDV V\QWKHVL]HG E\ XVLQJ WKH )LUVW 6WUDQG F'1$ 6\QWKHVLV
NLW 3KDUPDFLD 8SSVDOD 6ZHGHQ DV UHFRPPHQGHG E\ WKH PDQXIDFWXUHU ZLWK
WKH H[FHSWLRQ WKDW KDOI DPRXQW RI WKH UDQGRP KH[DPHUV ZDV UHSODFHG E\ WKH UH
YHUVH 3&5 SULPHU VHH 7DEOH  .LVV HW DO D 5+'9 F'1$ ZDV V\QWKH
 .,66 HW DO
$FWD 9HWHULQDULD +XQJDULFD  
VLVHG LQ  O UHDFWLRQ PL[WXUHV DV GHVFULEHG HDUOLHU 5RV %DVFXDQD HW DO
 DQG )&R9 51$ ZDV WUHDWHG LQ WKH VDPH ZD\ $ SUHOLPLQDU\ PL[WXUH
FRQWDLQLQJ  O RI 51$  O RI '(3&WUHDWHG ZDWHU DQG  O RI UDQGRP KH[
DPHUV  8 3KDUPDFLD ZDV LQFXEDWHG DW  & IRU  PLQ IRU 51$ GHQDWXUD
WLRQ 6XEVHTXHQWO\ WKH WXEH ZDV SODFHG RQ LFH DQG  O RI D SUHPL[WXUH FRQ
WDLQLQJ  O RI HDFK GHR[\QXFOHRWLGH WULSKRVSKDWH  P0 3KDUPDFLD  O RI
 î UHDFWLRQ EXIIHU  0 7ULV+&O >S+ @  0 .&O  P0 0J&O
 O RI 51$JXDUG  8 3KDUPDFLD DQG  O RI 0RORQH\ PXULQH OHXNDHPLD YL
UXV UHYHUVH WUDQVFULSWDVH  8 *LEFR %5/ %HWKHVGD 0' 86$ ZDV DGGHG
7KH UHDFWLRQ PL[WXUH ZDV LQFXEDWHG DW  & IRU  PLQ IROORZHG E\ LQFXEDWLRQ
DW  & IRU  PLQ WR LQDFWLYDWH WKH HQ]\PH
3ULPHUV
7KH GHVLJQ RI WKH SULPHUV XVHG LQ WKH H[SHULPHQWV KDV EHHQ GHVFULEHG HOVH
ZKHUH 5RV %DVFXDQD HW DO  .LVV HW DO D DQG LV VKRZQ LQ 7DEOH 
7DEOH 
3ULPHUV XVHG IRU WKH DPSOLILFDWLRQ RI &6)9 5+'9 DQG )&R9
9LUXV 3ULPHUV 6HTXHQFH 
 WR 
 3RVLWLRQ
&6)9 3(67 ) $7$7$7*&7&$$***&*$*7 D
3(67 5 $&$*&$*7$*7$7&&$777&777$ D
5+'9 5() ) &$$&&7&&$*&&&$&&$&&$$&$& E
5(% 5 7**77***$*&&7*7*&&*7$&7* E
)&R9 2),3$ ) $7777**$$777$7*7&&*$*$*$ F
2),3$ 5 &7$*&$&&$7$*$$$*77*7&$&$ F
2),3 ) &*&7*$*$**7**77&7777$&77& F
2),3 5 &77&&$**7*7*777*77**&$77& F
D.DW] HW DO  ( JS UHJLRQ E0H\HUV HW DO  93 JHQH F9HQQHPD HW DO  QX
FOHRFDSVLG SURWHLQ FRGLQJ UHJLRQ ) IRUZDUG SULPHU 5 UHYHUVH SULPHU 7KH H[SHFWHG OHQJWKV RI WKH
SURGXFWV DUH DV IROORZV &6)9  ES 5+'9  ES DQG )&R9 ZLWK SULPHUV 2),32),3
 ES
3&5 SURFHGXUH
7KH 3&5 DVVD\V ZHUH FDUULHG RXW LQ  O YROXPHV (DFK UHDFWLRQ PL[WXUH
FRQWDLQHG  O RI  î *HQH$PS 3&5 EXIIHU ,, 3HUNLQ(OPHU &HWXV 1RUZDON
&7 86$  SPRO RI HDFK SULPHU LQ WKH FDVH RI )&R9V 2),3$ DQG 2),3$
IRU WKH ILUVW UHDFWLRQ  O RI ERYLQH VHUXP DOEXPLQ  PJPO  O RI HDFK GH
R[\QXFOHRWLGH WULSKRVSKDWH  P0 3KDUPDFLD  P0 0J&O  8 $PSOL7DT
'1$ SRO\PHUDVH 3HUNLQ(OPHU &HWXV DQG  O F'1$ 7ZR GURSOHWV RI PLQHUDO
RLO 6LJPD ZHUH DGGHG WR SUHYHQW HYDSRUDWLRQ ,Q WKH FDVH RI )&R9 QHVWHG 3&5
48$6,63(&,(6 &20326,7,21 2) 51$ 9,586(6 
$FWD 9HWHULQDULD +XQJDULFD  
ZDV FDUULHG RXW WR DFKLHYH WKH GHVLUHG VHQVLWLYLW\ E\ XVLQJ WKH 2),3 DQG 2),3
SULPHUV DQG  O UHDFWLRQ PL[WXUH RI WKH ILUVW 3&5 DV WDUJHW 7KH WKHUPDO SURILOHV
DUH VKRZQ LQ 7DEOH  %\ XVLQJ WKH SULPHUV LQ  UDWLR LQ RUGHU WR SURGXFH H[
FHVV DPRXQW RI VLQJOH VWUDQGHG 3&5 SURGXFWV  O DPRXQWV RI WKH FRPSOHWHG
3&5 PL[WXUHV ZHUH VXEMHFWHG WR DV\PPHWULF 3&5
'HWHFWLRQ RI WKH 3&5 SURGXFWV
7KH DPSOLILHG '1$ SURGXFWV ZHUH DQDO\VHG E\ HOHFWURSKRUHVLV RQ 
DJDURVH JHOV 6HD.HP 0( )0& %LRSURGXFWV 5RFNODQG 0DLQH 86$ LQ 7$(
EXIIHU  P0 7ULVDFHWDWH  P0 ('7$ FRQWDLQLQJ  JPO HWKLGLXP EUR
PLGH *HO HOHFWURSKRUHVLV ZDV SHUIRUPHG DW D FRQVWDQW YROWDJH RI  9 IRU
 PLQ DQG WKH VL]H RI WKH SURGXFWV ZDV HVWLPDWHG XVLQJ D  ES '1$ ODGGHU
7DEOH 
7KH F\FOLQJ SDUDPHWHUV XVHG IRU WKH 3&5 DVVD\V
'HQDWXUDWLRQ 3ULPHU DQQHDOLQJ 3ULPHU H[WHQVLRQ 1R RI F\FOHV
&6)9  & IRU  V  & IRU  V  & IRU  V 
5+'9  & IRU  V  & IRU  V  & IRU  V 
)&R9 ,  & IRU  V  & IRU  V  & IRU  PLQ 
 & IRU  V  & IRU  V  & IRU  PLQ 
)&R9 ,,  & IRU  V  & IRU  PLQ  & IRU  PLQ 
7KH ILQDO H[WHQVLRQ VWHS ZDV  & IRU  PLQ LQ HDFK SURFHGXUH )&R9 , LQGLFDWHV WKH F\FOHV ZLWK
2),3$ DQG 2),3$ SULPHUV )&R9 ,, PHDQV WKH F\FOHV ZLWK WKH QHVWHG SULPHUV 2),3 DQG
2),3
66&3 DQDO\VLV
7KH DV\PPHWULF 3&5 UHDFWLRQ PL[WXUHV LQ  O DPRXQWV ZHUH DGGHG WR
 O 66&3 ORDGLQJ EXIIHU  IRUPDPLGH  [\OHQH F\DQRO  EUR
PRSKHQRO EOXH NHSW DW  & IRU  PLQ SXW RQ LFH IRU  PLQ WKHQ ORDGHG RQWR
 DQG  SRO\DFU\ODPLGH JHOV IRU WKH  DQG DSSUR[  QXFOHRWLGHV ORQJ
IUDJPHQWV UHVSHFWLYHO\ WR JDLQ WKH KLJKHVW SRVVLEOH UHVROXWLRQ 7KH JHOV ZHUH
UXQ LQ D 0LQL 3URWHDQ &HOO %LR5DG +HUFXOHV &$ 86$ DW  9 FRQVWDQW
SRZHU IRU ± K DW URRP WHPSHUDWXUH 6XEVHTXHQWO\ WKH JHOV ZHUH VXEPHUJHG
LQWR D  JPO HWKLGLXP EURPLGH VROXWLRQ IRU  PLQ WKHQ YLVXDOLVHG XQGHU XO
WUDYLROHW OLJKW DQG SKRWRJUDSKHG
 .,66 HW DO
$FWD 9HWHULQDULD +XQJDULFD  
5HVXOWV DQG GLVFXVVLRQ
)LJXUHV D E DQG F VKRZ WKH UHVXOWV RI WKH 3&5 DVVD\V 7KH VSHFLILF
EDQGV DUH VHHQ DW WKH H[SHFWHG VL]HV )LJXUHV D E DQG F VKRZ WKH UHVXOWV RI WKH
66&3 DQDO\VLV 7KH FRQVLVWHQFH RI WKH SDWWHUQV ZDV FRQILUPHG E\ UHSHDWHGO\ DF
FRPSOLVKHG 3&566&3 DQDO\VHV GDWD QRW VKRZQ 7KH GLVWLQFW EDQGV LQ WKH
VDPH ODQH UHSUHVHQW VXESRSXODWLRQV ZLWK GLIIHUHQW QXFOHRWLGH VHTXHQFHV /i]DUR
DQG (VWLYLOO  7KH VOLJKW YDULDWLRQV RI WKH PDVWHU VHTXHQFHV DUH FOHDU DQG
LQWHUHVWLQJO\ WKH JUHDWHVW GLIIHUHQFH LV VHHQ EHWZHHQ WKH SDWWHUQV RI WZR 5+'9
VDPSOHV RULJLQDWLQJ IURP WKH VDPH RXWEUHDN 7KH YDULDWLRQ LQ WKH VZDUP RI WKH
PXWDQW VSHFWUXP LV H[FHSWLRQDOO\ UHSUHVHQWHG E\ )&R9 ZKHUH FRQWLQXRXV
FKDQJHV RI WKH QXPEHU RI WKH HVFRUWLQJ VXESRSXODWLRQV IURP WZR WR VHYHQ ZLWK
D VWDEOH PDVWHU VHTXHQFH FDQ EH REVHUYHG LQ WKH VDPH LQGLYLGXDO VDPSOHG VXF
FHVVLYHO\ $V FDQ EH IROORZHG QHZ VXESRSXODWLRQV PD\ DULVH WKHQ DSSHDU LQ
WHUPLWWHQWO\ ZLWKLQ VKRUW SHULRGV RI WLPH  GD\V LQ RXU FDVH 6XFK SKHQRPHQD
ZHUH REVHUYHG LQ SDWLHQWV FKURQLFDOO\ LQIHFWHG ZLWK KHSDWLWLV & YLUXVHV 0DUWHOO
HW DO  .XURVDNL HW DO  DQG LW ZDV HPSKDVLVHG WKDW WKHVH FKDQJHV
ZHUH QRW PHUHO\ WKH UHVXOW RI WKH SUHVVXUH RI WKH LPPXQH V\VWHP EXW UDWKHU WKH\
RFFXUUHG VSRQWDQHRXVO\ 'RPLQJR HW DO  $SSDUHQWO\ WKH &6)9V SURYHG
WR FRQWDLQ YHU\ IHZ LI DQ\ VHTXHQFHV LQ WKH PXWDQW VSHFWUXP FRPSDUHG WR WKH
RWKHU WZR YLUXVHV WKRXJK WKH HQYHORSH JO\FRSURWHLQ ( WKDW ZDV WDUJHWHG E\ WKH
573&5 LV WKH PRVW YDULDEOH SURWHLQ RI SHVWLYLUXVHV YDQ 5LMQ HW DO  2XU
ILQGLQJ LV LQ KDUPRQ\ ZLWK WKH QXFOHRWLGH VHTXHQFH GDWD VLQFH LW ZDV HVWDEOLVKHG
WKDW &6)9V LQ WKH ILHOG VKRZ UHODWLYH JHQHWLF VWDELOLW\ WKXV HYHQ VPDOO VHTXHQFH
GLIIHUHQFHV VKRXOG KDYH HSL]RRWLRORJLFDO VLJQLILFDQFH 6WDGHMHN HW DO  9LO
þHN DQG 3DWRQ 
$ UHPDUNDEOH SRLQW LV WKDW IRU WUDFNLQJ WKH HYROXWLRQ RI WKH TXDVLVSHFLHV LW
LV EHWWHU WR WDUJHW WKH VWUXFWXUDO SURWHLQ FRGLQJ UHJLRQV RI WKH YLUXV JHQRPH VLQFH
WKH QRQVWUXFWXUDO SURWHLQ FRGLQJ SDUWV VKRZ PXFK OHVV YDULDWLRQ 7KLV ILQGLQJ LV
QRWHZRUWK\ IURP WKH DVSHFW RI SDWKRJHQHVLV DV ZHOO .LVV HW DO E 7KXV
IRU WKH WKRURXJK PRQLWRULQJ RI WKH FKDQJHV RI D YLUXV TXDVLVSHFLHV LW LV LQHYLWDEOH
WR DQDO\VH VHYHUDO SDUWV RI WKH YLUXV JHQRPH
7KH DVVXPSWLRQ WKDW D SDUWLFXODU 51$ YLUXV DQG WKXV D SDUWLFXODU 51$
YLUXV GLVHDVH GRHV QRW H[LVW ZDV VXJJHVWHG HDUOLHU +ROODQG HW DO  WKRXJK
WKH FRQFHSW RI TXDVLVSHFLHV PXVW EH DSSURDFKHG ZLWK FDUH 6PLWK HW DO 
1HYHUWKHOHVV LW KDV DOUHDG\ EHHQ GHPRQVWUDWHG WKDW WKH SUHYDOHQW VXESRSXODWLRQV
RI IHOLQH FRURQDYLUXVHV GLIIHU EHWZHHQ KHDOWK\ DQG FOLQLFDOO\ DIIHFWHG FDWV
*XQQ0RRUH HW DO  0DUNHG FKDQJHV ZHUH REVHUYHG LQ YLUXV QHXWUDOLVD
WLRQ SURILOHV RI IHOLQH FDOLFLYLUXVHV GXH WR WKH HYROYLQJ TXDVLVSHFLHV LQ SHUVLV
WHQWO\ LQIHFWHG FDWV 5DGIRUG HW DO 
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)LJ  5HVXOWV RI WKH 3&5 DVVD\V SHUIRUPHG RQ WKH GLIIHUHQW VDPSOHV RI &6)9 5+'9 DQG )&R9
(DFK ODQH 0 FRQWDLQV D  ES PROHFXODU ZHLJKW PDUNHU ,Q )LJ D ODQHV ± UHSUHVHQW GLIIHUHQW
VHWWOHPHQWV ZKHUH DQ RXWEUHDN RI FODVVLFDO VZLQH IHYHU ZDV UHFRUGHG DW DSSUR[LPDWHO\ WKH VDPH
WLPH ODQH  QHJDWLYH FRQWURO ,Q )LJ E WKH IRXU FRQVHFXWLYH RXWEUHDNV FDXVHG E\ 5+'9 DUH UHS
UHVHQWHG E\ WZR VDPSOHV ODQHV ± ± ± DQG ± HDFK /DQH  QHJDWLYH FRQWURO
)LJ F VKRZV WKH 573&5 UHVXOWV RI )&R9 FROOHFWHG RQ HLJKW VXFFHVVLYH RFFDVLRQV ZLWK WHQGD\
LQWHUYDOV ODQHV ± ODQH  QHJDWLYH FRQWURO
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)LJ  66&3 SDWWHUQV RI WKH 3&5 SURGXFWV VKRZQ LQ )LJ  DIWHU UHDPSOLILFDWLRQ LQ DV\PPHWULF
3&5 )LJ D E DQG F VKRZV WKH SDWWHUQV RI &6)9 5+'9 DQG )&R9 UHVSHFWLYHO\
'DWD REWDLQHG IURP WKLV VWXG\ DQG IURP IXUWKHU VLPLODU LQYHVWLJDWLRQV PD\
EH XVHIXO LQ SDWKRJHQLFLW\ VWXGLHV DQG LQ YDFFLQH GHYHORSPHQW DV ZHOO D UHD
VRQDEO\ VWDEOH YLUDO JHQRPH LH ZLWK IHZ VXESRSXODWLRQV LQGLFDWHV WKDW HYHQ
VOLJKW YDULDWLRQV LQ QXFOHRWLGH FRPSRVLWLRQ PD\ SUHVHQW VLJQLILFDQW ELRORJLFDO
FRQVHTXHQFHV FRPSDUHG WR KLJKO\ YDULDEOH YLUXV JHQRPHV ZLWK D ODUJH QXPEHU
RI YLUXV VXESRSXODWLRQV WKDW UDWKHU HVWDEOLVK FKURQLF LQIHFWLRQV DQG FKDQJHV LQ
WKHLU QXFOHRWLGH FRPSRVLWLRQ UDUHO\ SURGXFH VHULRXV GLVRUGHUV
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2I FRXUVH WKH XOWLPDWH DQG PRVW DFFXUDWH FKDUDFWHULVDWLRQ LV REWDLQHG E\
QXFOHRWLGH VHTXHQFLQJ +RZHYHU E\ LQVHUWLQJ WKH 66&3 EHWZHHQ WKH 3&5 DQG
QXFOHRWLGH VHTXHQFLQJ DW OHDVW WZR DGYDQWDJHV DUH DSSDUHQW L XQQHFHVVDU\ VH
TXHQFLQJ VWHSV FDQ EH DYRLGHG LQ WKH FDVH RI WKH VDPH 66&3 SDWWHUQV LL ZKHQ
LW LV UHDVRQHG WKH GHVLUHG EDQG UHSUHVHQWLQJ RQH VXESRSXODWLRQ FDQ EH FUXVKHG
IURP WKH 66&3 JHO DQG UHDPSOLILHG WKHQ VHTXHQFHG WR FKDUDFWHULVH D SDUWLFXODU
VXESRSXODWLRQ .XURVDNL HW DO 
%DVHG RQ LWV VLPSOLFLW\ UDSLGLW\ DQG LWV LQIRUPDWLYH IRUFH WKH SUHVHQWHG
FRPELQDWLRQ RI WKH EDVLF PROHFXODU WHFKQLTXHV ZLOO KRSHIXOO\ EH DSSOLHG IRU
VWXGLHV WDUJHWLQJ WKH SDWKRJHQHVLV RI YLUDO GLVHDVHV DQG LV DOVR UHFRPPHQGHG IRU
GLDJQRVWLF SXUSRVHV WKRXJK SULPDULO\ IRU SDUWLFXODU UDWKHU WKDQ IRU URXWLQH LQ
YHVWLJDWLRQV
$FNQRZOHGJHPHQWV
7KH DXWKRUV DUH JUDWHIXO WR WKH PHPEHUV RI WKH 'HSDUWPHQW RI 9LURORJ\ 9HWHUL
QDU\ ,QVWLWXWH 'HEUHFHQ ZLWK VSHFLDO WKDQNV WR eYD 6]pNHO\ DQG *L]HOOD 6XO\iN IRU WKHLU
H[FHOOHQW WHFKQLFDO DVVLVWDQFH 7KH SURMHFW ZDV VXSSRUWHG E\ DQ LQWHUQDO JUDQW RI WKH 1D
WLRQDO 9HWHULQDU\ ,QVWLWXWH 8SSVDOD 6ZHGHQ
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